Background: Metastatic breast cancer in BRCA 2 patients is lacking of target therapy studies. Case: We present a case of a 34-year-old woman affected by a recurrent metastatic breast cancer after 5 years treated with weekly nab-paclitaxel and three weekly Cisplatin obtaining a radiological complete response with 6 cycles. Conclusion: It is important to emphasize that patients with a molecular disorder who selected for "target" chemotherapy can obtain optimal response rate. Exploiting the mechanism of action of DNA damage in our favor, using cisplatin for example and basing on literature show the efficacy of using taxane in BRCA 2 patients, obtaining a very high response rate.
Introduction
The estimated penetrance of ovarian cancer (OC) in BRCA positive women is respectively of 35% -60% for BRCA 1 and 10% -27% for BRCA 2 in 70-year-old patients. For breast cancer, the penetrance is 87% and 84% for BRCA 1 and BRCA 2, respectively in 70 year old patients [1] [2] [3] . Platinum drugs are known to induce greater cytotoxicity against BRCA 1 and BRCA 2 cell lines, presumably because when they form a covalent bond with DNA strands, repair cannot proceed by homologous recombination. Preclinical studies suggest that lack of functioning BRCA 1 and/or BRCA 2 protein may result in differential treatment response to several chemotherapeutic drugs. Several studies have reported the sensitivity to apoptosis in BRCA 1 and/or BRCA 2 deficient breast cancer cells treated with Poly ADP inhibitors, cisplatin, mitoxantrone, etoposide and anthracyclines. Nowadays consensus regarding the most effective chemotherapy regimes in BRCA breast cancer mutation carriers is still lacking.
Case Report
In 2007, a 29-year-old woman was referred to our hospital for a diagnosis of breast cancer. In April 2007, she underwent left mastectomy and lymphadenectomy for a multifocal ductal carcinoma, moderate grade, maximum diameter of 3 cm, endolimphatic carcinosis, 4 over 13 positive lymph-nodes. Positive estrogen receptor in 90% (clone 1 D5) and progesterone in 40% (clone PgR 636) p 53 0%, ki 67 5%, c-erbB 2 0%. Stadiation exams were all negative for metastases. Stage pT2 N2a M0. She was treated with 3 cycles of FEC (5-fluorouracil, epirubicin and cyclophosfamide) followed by 3 more cycles of docetaxel.
The first administration of docetaxel was complicated by a grade 3 hypersensitivity reaction with dyspnea and tingling resistant to corticosteroids treatment. For this reason, docetaxel was suspended and the patient received 3 more cycles of FEC followed by adjuvant endocrine therapy with LH-RH analogous (triptorelin) and tamoxifen 20 mg/die.
In February 2009, the patient referred an endometrial polyp with mucous hemorrhagic areas and therefore the oncologist suspended the use of tamoxifen, substituting it with an aromatase inhibitor.
In April 2010, the patient underwent breast implant replacement.
In October 2010, after performing a genetic test during a genetic counseling, the patient was found to be BRCA 2 gene (mut 6872 del ACTC  ter 2227) carrier.
She continued hormonal therapy and follow up, integrating it with breast MRI and with mammography and transvaginal ultrasound every 6 months plus CA 125 dosage.
In October 2011, the patient referred to her oncologist that she did not feel well, in particular lamenting a shoulder pain. Her performance status was 2 and the blood tests showed a rise of CEA and CA 15.3.
Due the alteration of serum markers, the oncologist decided to perform a total body FDG PET-CT scan which revealed the presence of a metastatic disease diffusion with liver, bone and lymph node metastases, as shown in Figure 1(a) .
The patient underwent liver biopsy, which showed a recurrence of breast ductal carcinoma, G2, with positive estrogen receptor 90% (Clone ER-SP1), progestinics 4%, (Clone PgR 1E2) c-erbB2 1 + and p53 10%. On December, 2nd, 2011, after signing the informed consent, the patient started chemotherapy with cisplatin 75 mg/m 2 day 1 and protein-bound pacitaxel 90 mg/m 2 days 1, 8, 15 q 3 weeks, for a total of 6 cycles, plus zoledronic acid every 28 days. During the cycles of therapy, a gradual decline of tumor-markers CEA and CA 15.3 were evident, together with physical recovery: the patient was able to return to work in a few months and lead an almost normal life, her PS 0.
After 6 cycles of therapy, the patient underwent a new PET CT scan evaluation, as shown in Figure 1 (b), which showed a complete clinical response. The oncologists decided a treatment with LH RH analogous and to start tamoxifene 20 mg/die monitoring endometrial thickness and monthly zoledronic acid.
After five months of remission, because of increased tumor markers CEA without any symptoms, patient underwent a chest and abdomen CT scan which revealed diffused bone dysostoses. After other two months, a further increase of tumor markers was observed and therefore she underwent a PET-CT scan, which showed a 1 cm paratracheal lymph node and diffused bone metastases in the still asymptomatic patient. In the light of asymptomatic conditions, previous leuco-neutropenia and absence of visceral disease, it was decided to start with a new hormonal regimen, LH-RH analogous with fulvestrant.
Discussion
This case report aims to highlight the problems linked to the presence of a genetic mutation and the possibility of directing chemotherapy by exploiting the mechanism of action of the mutation.
The pathways of DNA damage response and DNArepair are affected by different kind of genetic mutations in BRCA 1 and BRCA 2 cancer. In those cells, the DNA repair is not able to work and damaged cells, by chemo- therapy, apoptose. Using this mechanism in order to potentiate the effect of chemotherapeutic agents as cisplatin, alkylating agents or PARP inhibitors is well known, yet literature in this field is lacking.
Protocols are underway to evaluate new drugs called poly-(ADP-ribose) polymerase inhibitors, specifically designed to exploit the sensitivity of BRCA 1 associated cancer to DNA damage. Olaparib, a novel, orally active poly (ADP-ribose) polymerase (PARP) inhibitor, induced synthetic lethality in BRCA-deficient cells and the prevalence of BRCA 1 inactivation in triple negative breast cancer has rationalized clinical trials of poly (adenosine diphosphate ribose) polymerase (PARP) inhibitors. Unfortunately PARP inhibitors failed in demonstrating an advantage in terms of response rate in triple negative breast cancer, but it seems to be promising in ovarian cancer treatment in BRCA mutated women.
For example, the phase 2 study of Gelmon failed to demonstrate an advantage of PARP inhibitor in breast cancer probably because authors wanted to test all triple negative breast cancer without distinguishing between BRCA positive and basal like sporadic cancer. In Tutt's study, instead, olaparib where tested only in BRCA positive breast advanced cancer showing a favourable therapeutic index. In BRCA positive breast cancer mechanism of action of PARP inhibitors is different because the drug is able to exploit the lack of DNA repair genes and the same mechanism could be possibly not well effective in basal like (triple negative) sporadic cancer, where PARP inhibitors cannot display their actions so actively [4] [5] [6] . Those results can be justify by Domagala study where he assessed the expression of PARP-1 in different kind of breast cancer, showing a significant difference between the mean nuclear PARP-1 quickscore in BRCA 1-associated versus BRCA 1-non-associated carcinomas in all tumours (p < 0.0001), in the basal-like group (p 0.0086), triple negative (p 0.0015), and non-basal-like groups (p 0.016) but not in the nontriple negative group [7] .
From retrospective studies, we know that cisplatin is also a very efficacious drug that exploits DNA damage response, and there is evidence of in vivo therapeutic response to mitomycin C in BRCA 2 mutated pancreatic cancer. A high proportion of women with a BRCA 1 associated breast cancer responded to platinum based chemotherapy and cisplatin alone can give 83% (10/12) of pathologic response rate in the neoadjuvant setting in locally advanced breast cancer BRCA 1 positive women [8] . Kriege's study showed that BRCA 2 associated breast cancer patients had a higher Response Rate (RR) than sporadic patients using taxane chemotherapy (p 0.02), but no differences in PFS were seen. In that study, most of BRCA 2 positive breast cancer patients had hormone receptors (HRS) positive cancer. The same result in terms of RR was not as good as among BRCA 1 mutated patients, because most of BRCA 1 patients had HRS negative cancer. No differences in terms of Response Rate in this group were seen using taxane-based chemotherapy [9] . Few cases are reported about efficacy of DNA damaging drugs in metastatic BRCA breast cancer. Huang F., showed that high dose alkylating agents and platinum-based therapy could obtain a complete pathological response in a metastatic BRCA 2 breast cancer patient [10] .
Based on recent data on protein-bound paclitaxel, we decided to use this drug because it is a new, biologically interactive nanometer-sized albumin-bound taxane particle initially developed to avoid the toxicities associated to polyethylated castor oil. The albumin-bound nanoparticle was designed to preferentially deliver paclitaxel to tumours by biologically interacting with albumin receptors that mediate drug transport; in vitro studies have demonstrated a 4.5-fold increase in paclitaxel transport across endothelial cells for protein-bound paclitaxel compared with standard paclitaxel.
A large international phase III study demonstrated that this drug, a new 130 nanometer albumin-bound paclitaxel particle, was superior to standard paclitaxel for both ORR and TTP in all patients with metastatic breast cancer. Protein-bound paclitaxel dose used in this study (50% higher than the dose delivered with solvent-based paclitaxel) could be administered safely over 30 minutes without premedication [11] . Nab-paclitaxel enhances tumor targeting through gp 60 and caveolae-mediated endothelial transcytosis and the association with the albumin-binding protein SPARC (secreted protein, acidic and rich in cysteine) in the tumor microenvironment [12] .
In recent data, for their clinical and pathological characteristics, BRCA positive breast cancer has proved to be more frequent in premenopausal patients with high rate of positive lymph nodes, high grade of differentiation and negative estrogen receptors (around 80% in BRCA1 mutated breast cancer and 25% of BRCA 2 mutated breast cancer) [13, 14] . Despite those negative prognostic factors, survival rates in BRCA are similar to wild type breast cancer. In BRCA positive ovarian cancer, prognostic factors as grade and stage are worse than sporadic cases (high grade of differentiation and advanced stages at diagnosis), but those characteristics seem to correlate with better survival, probably due to good response to therapy with cisplatin.
Literature now available shows that all data reported in retrospective studies demonstrate the same characteristics and prognostic factors for BRCA positive breast and ovarian cancer and that cisplatin seems to be the most favourable chemotherapy drug in terms of response rate, as well as mitomycin and alkylating agents. New data on the use of taxane in this setting are under discussion.
In this case report, the oncologists tailored the therapy for this patient on her BRCA 2 mutation and, basing on literature data available, the choice was made to use the synergistic actions of cisplatin and protein-bound paclitaxel, which seem to be effective in breast cancer patient and in BRCA 2 mutated patients. It is very interesting to note that, in this patient, the second relapse found with the PET-scan after metastatic first line treatment was not in the liver but only in the bones. This interesting datum can be probably associated with the high number of SPARC proteins in the liver. It was hypothesized that because of a SPARC-albumin interaction, tumoral SPARC facilitates the accumulation of albumin in the tumor and increases the effectiveness of albumin-bound paclitaxel (nab-paclitaxel). Desai et al. tested this hypothesis in head and neck cancer correlating the use of nabpaclitaxel and SPARC expression. The final analysis is supportive of the hypothesis that SPARC over expression may correlate with response to nabpaclitaxel [12] . This hypothesis can justify the complete response in the liver in our patient but it should be better analysed in larger prospective trials. Actually, prospective trials focused on correlation of breast and/or ovarian cancer, BRCA status, chemotherapy and outcome appear to be warranted.
